Since the massive bloom in 1988 in the North Sea, the prymnesiophyte flagellate Chrysochromulina polylepis Manton et Parke has been known for its ichtyotoxicity. Laboratory experiments using two different clones of C. polylepis were conducted in a comparative approach. Both clones were nearly similar in size and shape, but differed in their toxicity, as demonstrated by the Artemia bioassay. In order to study the effects of toxic C. polylepis on protozooplankton grazers, grazing experiments were performed with the heterotrophic dinoflagellate Oxyrrhis marina Dujardin as grazer. A first experiment was carried out in order to follow batch culture growth and initial grazing of O. marina when fed toxic or non-toxic clones of C. polylepis. Ingestion of the toxic clone was 27% of ingestion when fed with the non-toxic clone. When O. marina was fed with the toxic clone, vacuoles within O. marina contained fewer food particles per cell and the cells attained slower division rate (58% of the division rate estimated for the non-toxic clone). A second experiment was conducted to determine the grazing and growth response of O. marina as a function of algal food concentration. Profound differences in ingestion, clearance, division and gross growth efficiency of O. marina when fed the two clones of C. polylepis again were apparent. However, even at algal concentrations of 400×10 3 ml −1 , O. marina is not killed by the presence or by the ingestion of toxic C. polylepis, indicating that the toxin deters grazers. In addition to grazing experiments, lipid classes and fatty acids of both algal clones were analysed and compared in order to follow the hypothesis that toxicity of C. polylepis is caused by liposaccharides, lipids, or fatty acids. However, the chemical composition with respect to lipid classes and fatty acids of both clones were quite similar, making an involvement of these substances in the toxicity towards Artemia and O. marina unlikely.
Introduction
The prymnesiophyte Chrysochromulina polylepis was described from the North Sea in the mid 1950s (Manton and Parke, 1962) . Although this species previously was believed to be non-toxic to fish (Manton and Parke, 1962) , an extraordinary bloom of C. polylepis in the Kattegat/Skagerrak area and off the Norwegian coast in 1988 caused extensive fish kills. Since then, a number of blooms of different Chrysochromulina species have been reported, some of which have caused fish mortality (reviewed by Edvardsen and Paasche, 1998) . The 1988 bloom extended over an area of approximately 75,000 km 2 (Granéli et al., 1993) and was characterised by pronounced toxic effects to various organisms, which, along with farm fish and wild fish populations, included mussels, echinoderms, polychaets, ascidians, cnidarians, sponges, red and brown algae (Rosenberg et al., 1988) as well as bacteria, protozoans, copepods (Nielsen et al., 1990 ) and other microalgae (Dahl et al., 1989, Johnsen and Lomsland, 1990) . The factors and mechanism that led to the bloom have been intensively reviewed and discussed Granéli, 1991, Gjøsaeter et al., 2000) . In addition to unusual physical and chemical conditions in 1988, adverse effects of C. polylepis to planktonic grazers may have played an important role in the development of the almost monospecific bloom, as reduced or inhibited grazing is generally believed to be an important factor in harmful bloom dynamics (Smayda, 1997) .
Generally, toxins produced by C. polylepis are non-selective, interfere mainly with membrane function and thus may affect organisms ranging from protozoa to fish. Their chemical structures are not fully elucidated yet, although Yasumoto et al. (1990) described them as lipids and/or fatty acids. Toxicity of Chrysochromulina was demonstrated to be highly variable even within the same species (Edvardsen and Paasche, 1998 and references therein), however, little is known of the factors triggering toxicity. At least, phosphate deficiency Edvardsen, 1993) , cellular N:P ratio (Johansson and Granéli, 1999) as well as growth phase and pH (Schmidt and Hansen, 2001 ) are known to influence toxicity of C. polylepis.
Field and laboratory experiments demonstrated that C. polylepis inhibited the activity of a broad range of planktonic organisms, including bacteria, heterotrophic protists, copepods and other algae as well (Carlsson et al., 1990; Nielsen et al., 1990; Tobiesen, 1991; Myklestad et al., 1995; Schmidt and Hansen, 2001 ). In laboratory experiments using protistan grazers, Carlsson et al. (1990) showed that the grazing activity of the tintinnid Favella ehrenbergii on Heterocapsa triquetra was negatively influenced by the addition of C. polylepis. In the case of the heliozoan Heterophrys marina, the rapid growth, which had been observed at C. polylepis concentrations of 2 × 10 3 cells ml −1 , decreased with increasing C. polylepis concentrations, coming to a complete halt at around 75 × 10 3 cells ml −1 (Tobiesen, 1991 ). An adverse effect on H. marina even at low C. polylepis concentrations was indicated by the fact that other, non-toxic food organisms permitted more rapid cell growth (Tobiesen, 1991) .
However, it can not easily be ruled out that harmful effects of senescent dense algal cultures on test organisms might be caused by factors other than toxins, e.g. by high pH in the culture medium (Schmidt and Hansen, 2001 ). In addition, in comparative studies using different algal species as food, it is difficult to link causatively differences in growth and grazing activity to algal toxicity, as cell properties other than toxin content, such as size, cell shape or swimming speed, are important factors determining grazing efficiency (e.g. Hansen, 1992; Buskey, 1997; Tillmann and Reckermann, 2002 ). An elegant way to overcome these problems is to compare grazing on clones of the same algal species, which are virtually identical in all aspects except toxicity (Teegarden, 1999) .
In the present paper, we therefore conducted grazing experiments with two different clones of C. polylepis that differ in toxicity (as defined by their toxic effects on Artemia franciscana) using the heterotrophic dinoflagellate Oxyrrhis marina as grazer. In order to understand the mode of toxin action, detailed knowledge on the chemical identity of the reactive compounds is a prerequisite. Therefore, lipid classes and fatty acids of both algal clones were analysed and compared in order to follow the hypothesis that toxicity of C. polylepis is caused by liposaccharide, lipids, or fatty acids (Yasumoto et al., 1990; Simonsen and Moestrup, 1997) .
Material and methods

Cultures
The experiments were conducted with two haploid clones of C. polylepis Manton et Parke, named B1511 and B11. Both clones were isolated by Bente Edvardsen from a toxic strain B1, which was isolated from the Oslo Fjord (Norway). Each clone represents one of the two different cell types of C. polylepis described in detail by Paasche et al. (1990) , Edvardsen and Paasche (1992) , Edvardsen and Vaulot (1996) and Edvardsen and Medlin (1998) . Briefly, both cell types are virtually indistinguishable with light microscopy, but electron microscopy observation has shown differences in form of fine structure of the organic scales covering the cells. Based on the original description by Manton and Parke (1962) one cell type was termed authentic (␣), whereas the second type was termed alternate (␤) (Edvardsen and Paasche, 1992) . The clone B1511 consists authentic cells, whereas the clone B11 contained only cells of the alternate type (Edvardsen and Vaulot, 1996) . Both clones were grown in axenic batch cultures in IMR 1/2 medium (Eppley et al., 1967) , supplemented with selenite under controlled conditions of 15 • C with artificial light of 45 mol m −2 s −1 and a light/dark cycle of 14:10. The heterotrophic dinoflagellate O. marina (Göttingen culture collection, strain B21.89) was grown under the same conditions with Dunaliella sp. as food.
Artemia test
Artemia tests were performed following the protocol of the Artemia Reference Centre (ARC Gent, Belgium) with slight modifications. Approximately 100 mg of A. franciscana cysts (Batch No. AF/N2000) were incubated for 48 h in 500 ml IMR 1/2 under constant light at room temperature and moderate aeration to achieve continuous suspension and at least 90% oxygen saturation. After 48 h, an aliquot of Artemia nauplii was collected in a petri dish and 20-30 instar II nauplii were transferred with approximately 50 l into each well of a 24 well plate (Nunc). The well was filled with 2 ml of IMR 1/2 (control) or varying concentrations of algal culture. All tests were done in triplicate. After 24 h in darkness at room temperature, living and dead nauplii in each well were counted. Death of nauplii was defined as non-motility for more than 10 s. The corresponding mortality was transformed into probit units (Hewlett and Placklet, 1979) and plotted against log-transformed cell concentration. The algal concentration causing 50% mortality of A. franciscana (LC 50 ) were determined from the regression line, where a probit of five corresponds to 50% mortality.
Lipid determination
Five litres of algal culture were collected by centrifugation and stored at −80 • C until analysed. The algal pellet was resuspended in dichlormethane: methanol (2:1 by volume) and sonicated for 3 min with a stainless-steel probe. After the sonication the suspension was washed in 0.88% KCl. Lipid classes composition was analysed using thin layer chromatography (TLC) according to Olsen and Henderson (1989) using the standards for each lipid class obtained from Sigma, UK. For the determination of fatty acids, the algal extracts extracted as described above were transmethylated in methanol containing 2% sulphuric acid for 4 h at 80 • C to produce fatty methyl esters (FAMEs) (Kattner and Fricke, 1986) . FAMEs were extracted with hexane and analysed by gas liquid chromatography.
Grazing and growth of Oxyrrhis marina
A first experiment was carried out in order to follow batch culture growth and initial grazing of O. marina when fed each clone of C. polylepis. The 10 ml of a dense culture of O. marina were mixed with C. polylepis in triplicate in 200 ml Erlenmeyer flasks resulting in final concentrations of 0.55 × 10 3 and 20 × 10 3 ml −1 for predator and prey, respectively. The O. marina culture had been precultured with Duniella, but was starved for 2 days prior to the onset of the experiment. Flasks containing phytoplankton only served as control. All flasks were incubated at 15 • C at an irradiance of 45 mol quanta m −2 s −1 and a photoperiod of 14L:10D. For cell counts, subsamples were taken twice a day. O. marina was counted in 1 ml lugol-fixed subsamples with an inverted microscope, whereas C. polylepis cell numbers were estimated using a Coulter Counter Model II. Division rate µ (per day) was calculated from the regression coefficient of ln cell number versus time. For elemental analysis, triplicate subsamples of control flasks (C. polylepis only) were gently filtered onto precombusted GF/C filters, gently treated with 3-5 drops of 0.1N HCl, dried at 60 • C (24 h) and combusted in a Carlo-Erba NA 1500 elemental analyser. In order to quantify ingestion, 1 ml subsamples were taken at times 0, 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 22 and 46 h. Samples were fixed with 1% glutaraldehyde and inspected under an inverted microscope. For at least 100 O. marina per sample it was scored whether the grazer had ingested algal cells (regardless the exact number of ingested cells). From that data, the probability of a grazer not having ingested any prey cell could be calculated. Data were fitted by non-linear regression to the equation (P 0(t) = (1−z) e −λt +z), assuming that the sample distribution fit a Poisson with extra zeros (Bratvold et al., 2000) .
The z is the fraction of the population that do not feed at all and λ is the Poisson parameter in units of ingested food cells per grazer per hour (Bratvold et al., 2000) . In addition, in samples taken after 22 and 46 h the number of algal cells inside food vacuoles of at least 100 grazers was estimated and divided in categories of <5, 5-10, 10-20 and >20 algal cells per grazer.
A second experiment was conducted to determine the grazing and growth response of O. marina as a function of algal food concentration. A series of equivalent grazer inoculate (final concentration: 760 ml −1 ) was exposed to six different food densities ranging from 0 to 400 × 10 3 ml −1 . Different food concentrations were established by appropriate dilution of a exponential batch culture of C. polylepis. Three replicates were set up for each food concentration. Triplicate flasks containing the same concentrations of phytoplankton only served as control. At time t = 0 initial samples were taken for determination of cell concentrations. After 2 h incubation, 1 ml subsamples were taken for the determination of initial grazing rates and fixed with 1% glutaraldehyde. After settlement in 1 ml Utermöhl chambers, samples were inspected under an inverted microscope using fluorescence light (Zeiss filter set 14). Counts of the number of ingested algal cells of at least 200 individuals of O. marina allowed for the determination of initial grazing rate (algae per grazer per hour). Final samples for determination of cell numbers were taken 48 h after initial sampling. Final samples were fixed with lugol's solution and grazer cells were counted microscopically. In each final sample as well as in initial samples, the cell size of at least 20 lugol-fixed grazers was measured by means of a calibrated ocular micrometer. Size of both C. polylepis clones was estimated using a Coulter Counter Multisizer II. From size measurements, cell volumes were calculated using a prolate spheroid and a sphere as geometric shape for O. marina and C. polylepis, respectively. Algal cell concentration of experimental and control flasks were estimated using a Coulter Counter Multisizer II, except for final counts for the two lowest food concentration. In these samples, algal cells were counted microscopically as algal density were two low for a reliable estimation by Coulter Counter. Division rate, ingestion and clearance for the 48 h period were calculated using the equations of Frost (1972) and Heinbokel (1978) . Apparent gross growth efficiency (aGGE) was calculated as the grazer biomass produced per algal biomass consumed using measured C. polylepis carbon values, calculated volume of O. marina and a C:cell-volume conversion factor of 0.14 (Lessard, 1991) . All rates are plotted against initial food concentrations. In order to perform grazing experiments with a mixture of both clones, an attempt was made to stain C. polylepis with the vital green fluorescent stain 5-chloromethylfluorescein diacetate (CMFDA) according to Li et al. (1996) with slight modifications. Dense C. polylepis cultures were stained with a final dye concentrations of 1 M CMFDA for 3 h.
Results
Both strains were tested for their toxicity to A. franciscana nauplii. No mortality of Artemia was observed for the seawater control as well as for the strain B11 up to the highest test concentration of 4 × 10 5 cells ml −1 . When exposed to the strain B1511, however, mortality of Artemia was high resulting in a 24 h LC 50 of 4132 cells ml −1 (Fig. 1) . In contrast to this marked difference in toxicity, no obvious differences in fatty acid composition between the two clones were detected. For both strains, 18:5 (ω 3 ), 20:5 (ω 3 ) and 22:6 (ω 3 ) fatty acids were predominant (Table 1) . With respect 13.1 ± 1.1 11.2 ± 0.9 16:1 1.8 ± 0.1 3.1 ± 0.3 16:2 (n−6)
1.2 ± 1 1.3 ± 1.0 16:3 (n−3)
1.2 ± 0.1 1.2 ± 0.4 16:4
1.5 ± 0.2 1.3 ± 0.8 18:1 (n−9) 3.4 ± 0.6 3.2 ± 0.5 18:1 (n−7)
4.0 ± 0.3 5.3 ± 0.3 18:2 (n−6) 1.3 ± 0.1 0.9 ± 0.5 18:4 (n−3) 6.1 ± 1.2 8.5 ± 1.6 20:1 1.1 ± 0.1 1.0 ± 0.1 18:5 (n−3)
18.6 ± 2 15.7 ± 3.6 20:4 (n−3) 0.7 ± 0.01 1.9 ± 0.2 20:5 (n−3)
18.8 ± 2.8 17.5 ± 3.2 22:1 (n−11)
1.5 ± 0.4 1.3 ± 0.3 22:6 (n−3)
14.1 ± 1.7 12.8 ± 2.1 to lipid classes, again no obvious differences between the two clones could be detected (Table 2) . Elemental analysis revealed slightly higher carbon and nitrogen content for the non-toxic clone B11 compared with the toxic clone B1511 (Table 3) . Based on Coulter counter size measurement, the median size of the two C. polylepis clones was 6.65 and 6.31 m, respectively. Due to these differences in size, the calculated ratio of carbon to volume was nearly the same for both clones (Table 3) . After inoculating starved O. marina with C. polylepis cultures, the dinoflagellate immediately started to ingest algal cells. The time series of estimates of the percentage of O. marina not having ingested algal cells, however, shows clear differences between the two C. polylepis clones (Fig. 2 ). The numbers of Oxyrrhis feeding on the non-toxic clone Table 2 Lipid class composition (% total lipid) of the toxic clone B1511 and the non-toxic clone B11 of C. polylepis (n. B11 increased sharply with time (i.e. the probability having no ingested prey decreased), whereas ingestion of the toxic clone B1511 is much slower. Calculation of the grazing rates from a probability of zero curve (P 0(t) = (1 − z) e −λt + z) revealed λ as the grazing rate to be 0.55 and 0.15 algae per grazer h −1 for the non-toxic and toxic clone, respectively. The z, is the percentage of O. marina not feeding at all, was estimated to be about 5 and 10% for the non-toxic and toxic clone, respectively. A reduced grazing on the toxic clone is also evident when comparing the numbers of ingested cells after 22 and 46 h of incubation (Fig. 3) . Most of O. marina feeding on the toxic clone had ingested 1-5 algal cells, whereas few grazers were observed with 10 or more algal cells inside food vacuoles. In contrast, most of O. marina feeding on the non-toxic clone had ingested 10-20 algal cells after 22 or 46 h of incubation. Whereas cell numbers in ungrazed control bottles of the non-toxic clone B11 increased exponentially with time (µ = 0.51 per day), grazing in the experimental bottles led to a strong declined of algal numbers down to about 10 3 ml −1 (Fig. 4) . Growth rate of the toxic clone B1511 in ungrazed control bottles (µ = 0.40 per day) was comparable to the growth rate of the non-toxic clone. For B1511, however, growth rate in presence of O. marina as grazer was only slightly depressed (µ = 0.33 per day, Fig. 4A ). Growth curves of O. marina are presented in Fig. 5 . Cell numbers of O. marina increased exponentially during the whole period in both treatments. However, growth rate of O. marina with the toxic strain as food (µ = 0.22 per day) was obviously lower compared with the growth rate with the non-toxic clone (µ = 0.38 per day). Under identical incubation conditions O. marina reached a growth rate of µ = 0.45 per day when Dunaliella sp. was offered as food algae (data not shown). In the 48 h incubation experiment using different initial C. polylepis concentrations, phytoplankton in control bottles increased on average to 143% in respect of the start concentration. In experimental bottles of the toxic clone B1511, final algal cell concentration accounted for 135% of the start concentration. In contrast, the non-toxic clone B11 was reduced to 1, 14 and 75% of the start concentration for the three lowest algal concentrations (20 × 10 3 to 100 × 10 3 ml −1 ), respectively and remained nearly constant for the two highest concentrations (data not shown). Ingestion was estimated using two different approaches. The initial grazing rates of starved O. marina, as estimated by fluorescence microscopy, are presented in Fig. 6 . For both C. polylepis clones, ingestion rate of O. marina increased with increasing food concentration until it became saturated at about 100 × 10 3 ml −1 . However, both the initial increase as well as highest ingestion rate at food saturation were obviously lower when fed with the toxic clone B1511. Ingestion rates calculated using the decline of food cells during the 48 h incubation period showed the same pattern (Fig. 7A) , although values are generally lower by a factor of about 2. Clearance calculated for O. marina feeding on the non-toxic clone of C. polylepis showed the typical pattern with numbers increasing at low food concentration up to 102 nl per grazer h −1 . When fed with the toxic clone, calculated clearance rates of 0.4-7 nl per grazer h −1 remains remarkably low for all food concentrations tested (Fig. 7B) . Maximum specific division rates of O. marina were 0.46 and 0.27 per day for the non-toxic and toxic clone, respectively. However, with both algal clones as food, division rate of O. marina was almost constant over the whole range of different food concentrations (Fig. 8A) . This is mainly because of size differences of O. marina in the different treatments (data not shown). When growth is calculated on the basis of an increase in total volume of O. marina (Fig. 8B) both curves show the typical increase of specific growth rate with increasing food concentration. However, volume-specific growth rate is explicitly higher compared with division rate based on the increase of cell numbers, probably reflecting an overall increase of cell volume of starved O. marina in the consequence of food supply. Based on the calculated biomass increase of O. marina and total algal carbon ingested, the aGGE was calculated (Fig. 9) . The aGGE is plotted for food concentration up to 200 × 10 3 ml −1 , as numbers calculated for the highest food concentration were erratically high. For the non-toxic clone B11, aGGE ranging from 0.16 to 0.45 had low standard deviations and was relatively constant for higher algal concentrations. For the toxic clone B1511, however, the calculation yielded highly scattered aGGE values predominantly above the theoretical maximum value of one (see Section 4).
Grazing experiments using a mixture of both clones as prey, one of them stained with the live stain CMFDA, were unsuccessful. As frequently observed under the microscope, intense staining of C. polylepis, concentrated in the posterior part of the cell, was lost spontaneously, probably due to leakage or excretion. Hence, a reliable application of this technique was not possible.
Discussion
In the present study, the feeding efficiency of O. marina on two different clones of C. polylepis was analysed. The basic assumption for the interpretation of our grazing experiments is that, from the grazers perspective, both clones are virtually identical except toxicity. In fact, the two clones representing different cell types (see Section 2) at least differ slightly with respect to the morphology of body scales Edvardsen and Paasche, 1992) . However, nothing is known if these small morphological differences might influence feeding interaction, e.g. by prey recognition and/or handling. Among the main known prey features affecting ingestion are size and motility (e.g. Hansen et al., 1994; Buskey, 1997; Tillmann and Reckermann, 2002) . Although motility was not explicitly quantified, qualitative microscopical observation revealed no basic differences between the two clones of C. polylepis with respect to swimming behaviour and/or swimming speed. Size may play an important role for food selection of O. marina (Hansen et al., 1996) . Initial flow cytometric analysis of Edvardsen and Paasche (1992) indicated size differences between both cell types with the alternate cell type about twice the size of the authentic cell type. For the two clones used in the present study, size measurements using a Coulter Counter revealed only minor differences in median cell size (Table 3 ) and, hence, in calculated cell volume. Hansen et al. (1996) observed a shift in the size spectrum of a single food algae as a result of O. marina grazing activity and interpreted this as size selective grazing even within small size differences. However, it is well known that protistan grazers release faecal particles (Nöthig and Bodungen, 1989; Elbrächter, 1991; Tillmann and Reckermann, 2002) that may overlap in size with their algal food. Particle production may thus confound results of experiments using a Coulter Counter in respects to particle size selectivity (Stoecker, 1984) . We therefore argue that the rather small differences in size between the two C. polylepis clones are unlikely to be the cause of the large differences in grazing rate of O. marina.
The crucial difference between the two clones tested is their toxicity to nauplii of A. franciscana. This is in accordance with results of Edvardsen and Paasche (1992) , who found a culture containing 90% alternate cells to be only slightly toxic to Artemia nauplii (24 h LC 50 > 350 × 10 3 cells ml −1 ), whereas 24 h LC 50 of cultures containing 100% authentic cells was about 2.6 × 10 3 cells ml −1 . A culture apparently containing 100% alternate cells appeared non-toxic to Artemia at concentrations up to 100 × 10 3 ml −1 , whereas authentic cells had a 24 h LC 50 of 6.9×10 3 ml −1 (Edvardsen, 1993) . This is close to our estimate of toxicity of clone B1511 with a 24 h LC 50 of 4.2×10 3 cells ml −1 , which is also in the range of estimated made by Simonsen and Moestrup (1997) . The differences in toxin content/production between the two C. polylepis clones used in our experiments are probably the cause of the small differences in cellular nitrogen content and growth rate (Table 3) , which per se are unlikely to be the cause of the large differences in grazing rate of O. marina.
To conclude, we feel safe to argue that both strains are nearly identical except for their toxicity, implying that clone-specific differences in grazing and growth of the predator are causatively linked to toxicity effects.
Profound quantitative differences in grazing and growth of O. marina when fed the two clones of C. polylepis were apparent in all experiments (experiment 1: Figs. 2, 3 and 5; experiment 2: Figs. 6-8) . However, the shape of the numerical and functional response curves for the two clones was quite similar. The growth rate of O. marina was never inhibited with increasing concentrations of the toxic clone B1511, even up to concentrations of 4 × 10 5 cells ml −1 (Fig. 8) . Therefore, it must be concluded that negative effects to the grazers are not related to the algal concentration and hence not to the concentration of a tentative toxin released into the water. Rather, grazing inhibition seems to be related to each single feeding process; O. marina apparently avoided ingestion of the toxic clone. This might be because of reception of some toxin-related properties of the algal cell like "smell", as chemosensory capabilities are well known among heterotrophic dinoflagellates (Hauser et al., 1975; Spero, 1985; Buskey, 1997) . Nevertheless, ingestion of toxic cells was not totally suppressed. This might be because of the fact that no other particulate food was available and O. marina was starved prior to the experiments, as starved O. marina have been shown to be less selective (Tarran, 1991) . There is no evidence that toxic cells, after being ingested, caused grazing inhibition or substantial harm to the grazer. The number of grazers having ingested prey cells after only 30 min of incubation was obviously lower when incubated with the toxic clone B1511 (Fig. 2) making an involvement of internal toxication unlikely. Moreover, although the number of ingested toxic cells increased three-fold with increasing food concentrations (Fig. 7) , the corresponding volume-specific growth rate did not decrease, as would be expected in consequence of lethal effects of incorporated toxins.
From an ecological point of view it is an important difference whether a toxic algae is avoided by a predator or a predator is eliminated by toxins. In the first case, predators are able to continue feeding on other co-existing phytoplankton species, thereby releasing the toxic species from competition. In addition, grazing on other algae and subsequent DOC release (Strom et al., 1997) might stimulate the growth of bacteria, which in turn can be taken up by mixotrophic algae (Jones et al., 1993; Nygaard and Tobiesen, 1993) . In the last case, elimination of grazers is also a relief for competing algal species, making it more difficult to explain the formation of monospecific blooms. The results presented above clearly showed that O. marina was not killed by the presence or by the ingestion of toxic C. polylepis. This is in line with results presented by Carlsson et al. (1990) and Nielsen et al. (1990) , who showed that mortality of the tintinnid F. ehrenbergii upon addition of C. polylepis came close to but never surpassed the population decline because of pure starvation. Growth rate of the heliozoa H. marina decreased at increasing C. polylepis concentrations approaching zero at concentrations above 75 × 10 3 ml −1 (Tobiesen, 1991) . However, H. marina cells survived and regained normal growth after transfer into fresh medium. From our experiments using monoculture prey it is impossible to state whether ingestion of other algae might be affected by the presence of toxic C. polylepis. Unfortunately, the attempt to perform grazing experiments with a mixture of both C. polylepis clones, one selectively stained with CMFDA, failed. It is important to note that growth of O. marina is less effected by the presence of toxic C. polylepis than ingestion. In experiment 1, ingestion rate of O. marina fed with the toxic clone reached 27% of the rate estimated for O. marina feeding on the non-toxic clone, whereas the division rate of O. marina fed the toxic clone was 58% of the division rate of O. marina fed the non-toxic clone. The corresponding numbers for experiment 2 (mean for all food concentrations) were 30 and 54% for ingestion and division, respectively. The calculated numbers of the aGGE for O. marina feeding on the toxic clone above the theoretical maximum of 1 (Fig. 9) presented evidence that O. marina mixed with the toxic clone may have used clumps of bacteria and detritus or dissolved organic substances present in the algal medium for growth. Oxyrrhis had been previously shown to be capable of growing in axenic medium, relying on osmotrophy to support growth (Droop, 1959) . Thus, in the presence of toxic C. polylepis, O. marina seems to be able to switch to an alternate food source. Experiments using F. ehrenbergii fed with mixed algal cultures indicates that ingestion of the ciliate is generally suppressed by the presence of high concentrations of C. polylepis (Carlsson et al., 1990; Nielsen et al., 1990) . With respect to copepods, Nielsen et al. (1990) observed no negative effect with Acartia tonsa feeding on palatable cells in experiments with mixtures of Rhodomonas baltica and different concentrations of cultivated C. polylepis. When incubated with natural populations of C. polylepis from the 1988 bloom, however, the mortality rate of copepods significantly increased. Clearly, more experiments using mixed algal cultures are needed to address the question whether grazers are eliminated or deterred by the C. polylepis toxin. Besides a reduction of grazing pressure, C. polylepis toxin may directly effect other algae as well. Whereas Riegman et al. (1996) ascribed the success of C. polylepis in multispecies culture experiments to the ability of C. polylepis to outcompete other algae, Schmidt and Hansen (2001) could recently show that toxins released by C. polylepis had a direct harmful effect on a whole range of tested algae in mixed cultures. This allelophatic activity, in addition to a reduced grazing pressure, may explain why a bloom like the one in 1988 in the North Sea became essentially monospecific at high cell concentrations. According to Schmidt and Hansen (Schmidt and Hansen, 2001 ), all but one autotrophic dinoflagellates tested were immobilised at C. polylepis concentrations of 1.9 × 10 5 cells ml −1 . Although heterotrophic dinoflagellates might be expect to respond in a similar way, no signs of immobilisation of O. marina could be detected in our experiments. O. marina might be particularly resistant against C. polylepis toxin, although it has been shown to be rapidly immobilised by Alexandrium toxins (Tillmann and John, 2002) . However, it is well known that different strains of C. polylepis may vary considerably with respect to their toxicity (Edvardsen and Paasche, 1998) , which in addition might be regulated by phosphorous deficiency Edvardsen, 1993) , cellular N:P ratio (Johansson and Granéli, 1999) as well as growth phase and pH (Schmidt and Hansen, 2001) . As Schmidt and Hansen did not perform Artemia tests, results can hardly be compared and differences in C. polylepis toxicity therefore might explain the different reaction of autotrophic and the heterotrophic dinoflagellate.
So far, toxicity of C. polylepis is defined towards a wide range of different bioassays, including haemolytic tests (e.g. Edvardsen et al., 1990; Eschbach et al., 2001) , the standard Artemia test (Edvardsen, 1993) , toxicity towards rat hepatocytes (Underdahl et al., 1989) , the inhibition of the uptake of neutrotransmitters into synaptosomes and synaptic vesicles of rat brain (Meldahl et al., 1994) , the immobilisation effect to H. triquetra (Schmidt and Hansen, 2001 ), or various negative effects towards a number of zooplankton grazers (Carlsson et al., 1990; Tobiesen, 1991, this study) . However, there clearly is a need to identify chemically the toxic principle of C. polylepis. Screening for bioactive compounds in C. polylepis performed so far suggests that toxicity could be related to certain lipid classes or fatty acids. Based on chromatographic and mass spectral data of isolated haemolytic compounds, Yasumoto et al. (1990) suggested monoacyldigalactosylglycerol and octadecapentaenoic acid, to be implicated in the toxicity of C. polylepis. However, haemolytic compounds are quite common in several algal species without any substantial correlation between haemolytic activity and the toxicity in other bioassays (Yasumoto et al., 1987; Simonsen and Moestrup, 1997) . Simonsen and Moestrup detected several haemolytic compounds in C. polylepis, but only one spot was toxic to Artemia (Simonsen and Moestrup, 1997) . The authors suggested this substance characteristic of C. polylepis to be a liposaccharide. In our study, however, we found no obvious differences in the lipid classes and/or fatty acid composition between the toxic and non-toxic clones (Tables 1 and 2 ), suggesting that other compounds are likely responsible for the Artemia toxicity and grazer deterrent properties of C. polylepis. There are hints in the literature that C. polylepis produces toxins without hemolytic properties in addition to the haemolytic ones (Stabell et al., 1993) . Thus, C. polylepis toxins-like other algal toxins might be a group of compounds (Underdahl et al., 1989) , probably causing different toxic effects. Clearly, detailed comparative studies have to be carried out between the various bioassays for each purified toxic component in question.
Using a toxic and a non-toxic clone of one species is a powerful tool for comparative studies of the ecological impact and of chemical particularities of toxic algae. In the case of this study we could demonstrate a clear effect of the toxic C. polylepis clone to a microzooplankton grazer. The chemical composition with respect to lipid classes and fatty acids provided no hint for an involvement of these substances in the toxicity towards Artemia and O. marina. In the future, we will use this model of comparative studies for further chemical analysis to clarify the chemical identity of C. polylepis toxins. Further on, we will use molecular techniques to identify genes that are involved in the toxin production in order to study the environmental regulation of toxin production at the expression level.
